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Abstract. BetaCage, a gaseous neon time-projection chamber, has been proposed as a viable screener for emitters of low-
energy alphas and electrons to which commercial radioactivity counting techniques are insensitive. Using radiopure materials
for construction, active and passive shielding from extrinsic backgrounds, large counting area and minimal detector mass,
BetaCage will be able to achieve sensitivities of 10−5counts keV−1kg−1day−1 in a few days of running time. We report on
progress in prototype development work since the last meeting of this workshop.
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MOTIVATION
Many upcoming rare-event search experiments such as SuperCDMS [1], EXO [2], and CUORE [3] face dominant
backgrounds in the form of alpha particles and low-energy electrons emitted by radioactive contaminants on detector
surfaces. These experiments would ideally measure surface background counts to quantify contaminants in samples to
enable screening of detector materials and development of appropriate background abatement techniques. However,
commercial screening technology presents several challenges to characterization of surface backgrounds. High-purity
germanium detectors have high energy thresholds and are incapable of identifying low-energy electron emitters
without accompanying high-energy gamma rays. Thin dead-layer detectors often have vacuum windows that distort
spectra at low energies because of particle backscattering and have small active counting area requiring several weeks
of exposure to reach high sensitivity. Mass spectroscopy techniques require destructive sample processing that is often
not viable for materials requiring screening. Finally, 27 radioisotopes that decay via beta emission or electron capture
can only be detected through α or β emission [4].
BASIC DESIGN AND SENSITIVITY
To address this gap in surface contaminant screening, we have proposed an atmospheric-pressure neon time-projection
chamber optimized for the detection of < 200 keV electrons and multi-MeV alphas [5],[6]. The apparatus, as shown in
Fig.1 will allow placement of samples in a 1 m2 sample loading area, directly in the gas. Above and below the sample
area will be two multi-wire proportional counters (MWPCs) that will respectively tag and veto traversing particles.
Tagged particles will be allowed to ionize the gas and range out in a 40 cm drift region. Ionized electrons from particle
tracks will drift under an electric field to a third MWPC at the top of the apparatus that will measure energy and
help reconstruct 3-D track position. The combination of the three MWPCs will help define a fiducial volume to reject
background from the detector itself.
Low-radioactivity plastic will be used for the construction of mechanical structures, and the neon gas has no natural
long-lived isotopes. The MWPC sense wires will be made of low-radioactivity stainless steel and have very little
surface area. Suppression of ambient gamma background at the level of 1 keV−1kg−1day−1 germanium equivalent
can be achieved with relative ease, by using copper or lead shielding and operating deep underground in the Low-
Background Counting Facility at Soudan Underground Laboratory. Thus, the dominant background at the level of
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FIGURE 1. Cross-section of proposed BetaCage, as viewed from the side. The trigger and veto MWPCs are placed above and
below the sample respectively. The bulk MWPC sits atop the drift field region. The entire apparatus will be enclosed in a plastic
chamber to contain the Neon gas, and in copper or lead shielding to reduce the ambient photon rate to ∼1 keV−1kg−1day−1 Ge
equivalent.
sample to be measured. Just over 2 days of sample counting will lead to a 3σ sensitivity of ∼ 10−5 keV−1kg−1day−1
for a 0.64 m2 sample, as seen in Fig.2.
BETACAGE PROTOTYPE
In order to test fabrication techniques and demonstrate low energy threshold and sufficient resolution, we have
undertaken the design and construction of a smaller non-radiopure prototype. It will have a counting area of 0.25 m2
and a 20 cm drift region between the trigger and bulk MWPCs, sufficient to contain the 156 keV beta endpoint of a 14C
calibration source. Wires will be ganged into a fiducial counting area of 0.16 m2 in the center and an outer veto region;
this will not allow full 3D reconstruction of tracks, but will be sufficient to reject a majority of events not originating
in the sample. Further technical details are documented in [6].
UPDATES AND STATUS OF PROTOTYPE
Several changes have been made to the prototype design since the last report on BetaCage presented at this workshop.
We had initially proposed assembling each MWPC by layering three 5 mm thick UHMWPE frames, the central one
holding a plane of anode sense wires sandwiched between two others with planes of cathode sense wires. A flatness
tolerance of 0.1mm (2%of characteristic dimension) was targeted to limit gain fluctuations and hence energy resolution
to ∼10-20%. UHMWPE proved to be too soft to allow this tolerance in machining for 50cm×50cm×5mm frames.
Changing the frame material to Delrin solved the problem of dimensional tolerance in machining. However, after
machining, rearrangement of internal stresses inside the thin frames caused them to bow over time, since each one
was fabricated by cutting a large square hole in an extruded plastic sheet. The bowing can be seen in a picture of
a sample Delrin frame in Fig. 3. This prompted us to radically modify the MWPC design and fabrication process.
Instead of assembling an MWPC with three electrode layers, we decided to hold all three layers with a single plastic
frame, increasing resistance to internal stress induced bowing by a factor of three. Also, instead of cutting a hole in
a single 1.5 cm thick plastic sheet, we decided to assemble each MWPC from four "arms" as shown in Fig.4. We
also employed a rough cutting and annealing cycle before making the final cuts to the arms. Finally, we tested these
procedures on four plastics - Delrin, Lucite, Noryl and Polycarbonate, and concluded that the machining tolerance
and warp issues were best mitigated with Noryl. Similar changes were made to the plastic parts that provide spacing
between the copper electrodes of the drift field region. 89
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FIGURE 2. Sensitivity of proposed BetaCage versus counting time for an 80 cm linear dimension sample, for various ambient
background levels. The solid curve represents a realistically achievable ambient photon background rate at the Soudan Lab Low-
Background Counting Facility and the dashed and dotted curves represent an order of magnitude higher and lower background
respectively.
FIGURE 3. A 0.25 m2 area Delrin frame capable of housing a plane of anode or cathode wires. Three of these together would
comprise an MWPC for the prototype BetaCage. Bowing of these frames over time prevented achievement of target positioning
accuracy for the MWPC wires.
In parallel, we abandoned the use of PCBs and soldering to make electrical and mechanical connections to sense
wires. We expanded on BaBar’s techniques [7] for crimping of drift chamber sense wires by designing spring-loaded
feedthroughs that provide tension and make electrical contact with the wires, greatly simplifying the assembly process.
A sample wire strung on a test MWPC frame is pictured in Fig.5. Additionally, we have adopted 12-bit 60 MHz
digitization of signal pulses, eliminating the need for NIM discriminators for triggering, integrating ADC and TDC
systems. The digitizer allows full capture of charge and timing information from pulses. The high voltage supply and
filtering system as well as the gas handling system proposed in [6] were successfully cycled and tested, and thus remain
unchanged.
We are currently constructing the redesigned MWPCs and should be able to conduct first characterization runs with
the integrated prototype system in early 2011. Our experience from this process will help finalize designs for the full
BetaCage system. 90
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FIGURE 4. CAD model of redesigned MWPC. Instead of mating three separate plastic frames to assemble an MWPC, this
design combines four "arms". Tripling the thickness of the pieces adds strength against bowing and the "arm" design allows easier
machining as well as reduced overall internal stresses.
FIGURE 5. Successful implementation of redesigned MWPC using spring-loaded feedthrus. Pictured is a 125µm diameter
stainless steel wire suspended in an test frame with a single row of wire-threading holes.
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